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ﬁtted to each image across the cohort, creating a dense set of anatomically
corresponded points on the femur, tibia and patella. Parallel, slice-by-slice
segmentations were converted into surfaces to calculate BML volume, while
BML depth and position was obtained by recording the number of BML
voxels traversed along a 15 mm normal to the bone surface.
Results: 81 of the 88 subjects were included in this study, with 7 subjects
excluded due to image quality or absence. At baseline 75 subjects (93%) had
BMLs present in ≥ 1 compartment. The majority of lesions were observed
in medial compartments (53.7%) compared to lateral compartments (25.5%)
and the patella (20.7%). Of the 188 compartments with BMLs 86 (46%)
demonstrated change greater than the SDD, which was calculated as 727
mm3 (around 9 cubic millimetres). Fifty (26.6%) compartments exhibited
an increase in total BML volume greater than SDD at 12 months, while 36
(19.1%) showed decrease in BML volume greater than SDD at 12 months.
The average absolute volumetric change in the 86 compartments was
2956.45 mm3 (S.D 2728.05 mm3). OA associated lesions were predomi-
nantly found in the patello-femoral joint both medially and laterally, and
in the medial femoro-tibial joint, as indicated by the average distribution
of BMLs across the cohort of 81 subjects.
Conclusions: BMLs are a highly variable feature in subjects with OA,
exhibiting a more dynamic development and regression process than
previous reports have shown. This study has demonstrated change greater
than measurement error in 46% of compartments via the application of a
novel methodology.
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Purpose: The Osteoarthritis Initiative (OAI) is a multi-center, longitudinal
study aimed at assessing biomarkers in osteoarthritis (OA) including those
derived from magnetic resonance (MR) imaging. The purpose of this study
is to compare the spatial distribution of cartilage MR T2 between a subset
of patients from the control and incidence cohorts of the OAI, using grey
level co-occurrence matrix (GLCM) texture parameters.
Methods: Equal sized (n=57) samples of subjects from the incidence and
control cohorts of the OAI were included in this study based on the
following inclusion criteria: (1) age range 45-55 years (2) body mass index
(BMI) of 19-27 kg/m2 and (3) Western Ontario and McMaster University
(WOMAC) pain score of zero at the time of magnetic resonance (MR)
imaging. Subjects from the incidence cohort did not have symptomatic
knee OA, but had risk factors for OA, such as knee surgery or previous
injury. Subjects from the control cohort had neither knee symptoms nor
risk factors for OA. MR sagittal 2D MSME (TR = 2700 ms, TE1-TE7 = 10-70
ms) images were used to calculate T2 relaxation time using 6 echoes (TE
= 20-70) and 3 parameter ﬁttings accounting for noise. Articular cartilage
was segmented into four compartments: medial/lateral femur/tibia. Mean
cartilage T2 as well as a GLCM (which quantiﬁes the spatial distribution of
cartilage T2 values), were calculated for each compartment. GLCM texture
parameters including entropy, contrast, and angular second moment (ASM)
were calculated at 0 degrees (corresponding to the anterior-posterior axis),
45 degrees, 90 degrees (corresponding to the superior-inferior axis), and
at 135 degrees, with 1 pixel offset. Differences in cartilage mean cartilage
T2 and GLCM texture parameters were assessed between control and
incidence groups using regression models adjusted for BMI and age.
Results: Subjects from the incidence cohort had signiﬁcantly (p < 0.05)
elevated mean cartilage T2 (medial femur, medial tibia), elevated GLCM-
contrast (medial tibia), elevated GLCM-entropy (medial femur), and de-
creased GLCM-ASM (medial femur), compared to control subjects. Of all
compartments, mean T2 was greatest in the medial femur (mean T2 inci-
dence cohort = 37.74±2.28 ms, mean T2 control cohort = 36.90±2.18 ms)
and lowest in the lateral tibia (mean T2 incidence cohort = 28.20±1.75 ms,
mean T2 control cohort = 28.08±1.83 ms).
Conclusions: This study evaluated mean T2 values as well as the spatial
distribution of cartilage T2 using GLCM texture analysis. The results indicate
that both mean and spatial distribution of cartilage T2 values differ between
subjects in the incidence and controls cohorts of the OAI, in particular
in the medial femoral condyle. Subjects at risk for OA not only have
elevated mean T2, but also have a more heterogeneous distribution of T2
pixel values. While both subject cohorts were asymptomatic, their cartilage
biochemical compositions (as assessed by cartilage T2 parameters) differed.
These results suggest that GLCM texture analysis supplements the standard
measurements of mean T2 and may aid in the detection of early OA.
418
SEGMENTATION AND ANALYSIS OF IN-VIVO CONTRAST ENHANCED
MICROCT DATA: A NOVEL METHODOLOGY FOR OPTIMAL
QUANTIFICATION OF CARTILAGE DEGENERATION
M. Siebelt, E. Waarsing, T.M. Piscaer, E. Oei, J.A. Verhaar, H. Weinans
Erasmus MC, Rotterdam, Netherlands
Purpose: Similar to in delayed gadolinium enhanced magnetic resonance
imaging (dGEMRIC) it is possible to image cartilage and determine its
glycosaminoglycan (GAG) content with contrast-enhanced μCT (CECT). In
order to analyse cartilage scans, accurate thresholding is necessary for
correct structural representation of the tissue.
The ﬁrst goal of the current study was, to investigate how in a single
micro-CT scan both quantity and quality of cartilage can be optimally
assessed in rat experiments. Second, we used the best analysis method to
measure cartilage changes over time in two different osteoarthritis (OA)
animal models: the mono-iodoacetate (MIA) model characterized by GAG
leakage and the groove model that is induced by cutting a small groove in
the trochlear cartilage and characterized by collagen matrix damage.
Methods: In the ﬁrst experiment, male Wistar rats (n = 6) were injected
in one knee with 1mg of mono-iodoacetate (MIA), the contralateral knee
joint received a saline injection and functioned as a control. After one
week, all knees were CECT scanned and all patellas harvested for an
ex-vivo scan (golden standard). For this scan, the patellar cartilage was
saturated in a 40% ioxaglate contrast solution until an equilibrium state
was reached. All in-vivo CECT scans were analysed using three different
global thresholds and one local thresholds segmentation method. Outcome
measurements using these segmentation settings were compared for their
structural representation with the ex-vivo golden standard.
The most optimal segmentation method from this ﬁrst experiment was
used to monitor cartilage degradation in the second experiment. A second
group of Wistar rats (n=6) received a 300 μg MIA intra-articular injection
and contralateral a saline control. The trochlear cartilage of a third group
of male Wistar rats (n=6) were surgically grooved via a minimal invasive
procedure through the patellar tendon. All animals were CECT scanned
before OA-induction (t=0) and at t=1, 3, 6, 12, 18, 24 weeks after induction.
Results: Cartilage quantity was best measured in datasets generated with
local thresholds (Figure 1). Global thresholds resulted in large differences
in cartilage quantity and the measurement error strongly depended on
the selected threshold level. Applying the local threshold method resulted
Figure 1
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consistently in the smallest measurement errors with least variation. Be-
sides accurate structural representation, local thresholds also showed a
signiﬁcant increase of attenuation (less GAG) for MIA treated cartilage
whereas global thresholds did not show any signiﬁcant differences between
MIA and control knees (Figure 2).
Due to the better structural representation of cartilage in CECT-scans
using local thresholds, this method was used to differentiate between the
MIA and groove model in the longitudinal follow-up experiment. Results
showed, that the volume of MIA affected trochlear cartilage was reduced
in time, indicating a progression of OA throughout the experiment. For
the groove-model, ﬁrst changes were detected from twelve weeks after
surgery. An increase of attenuation was followed by a decrease in trochlear
cartilage volume (Figure 3).
Figure 3
Conclusions: In-vivo CECT scans can be used to monitor OA progression
in small animals. Using local thresholds to segment the cartilage, re-
sults in more accurate sequential measurements of both cartilage quality
(GAG) and quantity (volume). Thus we were able to differentiate between
characteristic dynamics of how OA develop in two types OA models in-vivo.
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QUANTIFICATION OF AGE DEPENDENT MOLECULAR CHANGES IN GUINEA
PIG OAMODEL USING T1ρMRI
G.R. Dodge1, M. Fenty2, V.G. Kassey2, A. Borthakur2, R. Reddy2
1Univ. of Pennsylvania, Philadelphia, PA; 2Ctr. for Magnetic Resonance and
Optical Imaging, Univ. of Pennsylvania Sch. of Med., Philadelphia, PA
Purpose: The purpose of this study was to demonstrate the eﬃcacy of
T1ρ MRI in quantifying age-dependent, spontaneous osteoarthritic changes
in the Dunkin-Hartley guinea pig model over a period of 10 months and
correlate these data with histopathology.
Methods: All experiments were performed with approval from the In-
stitutional Animal Care and Use Committee. Images were obtained from
the guinea pig left stiﬂe joint using a four-shot T1ρ prepared 3D balanced
gradient echo sequence (bGRE) on a 9.4T horizontal bore animal scanner
(Varian). Three female cohorts were selected (3-4 month {N=8}, 5-6 month
{N=6}, 9-10 month {N=5}) for this study. T1ρ MRI was performed with the
following parameters: Slab: 30 mm × 30 mm× 8 mm, Matrix: 512 × 256
× 16, Interpolated resolution: 58 μm × 58 μm × 500 μm, ﬂip angle: 20°
TE: 4.7 ms, TR: 9.2 ms, centric k-space encoding, Averages: 6 per shot. The
spin-lock amplitude was ﬁxed at 1500 Hz for all scans. Five T1ρ-weighted
images (spin-lock durations: 1, 10, 20, 30, 40 ms) were acquired for each
animal. Images were ﬁtted on a pixel-by-pixel analysis to the linearized,
mono-exponential signal decay equation to generate T1ρ relaxation maps.
Tests measuring cartilage content and damage by histology, metachromatic
dyes, and immunohistochemistry have been performed. Assessments were
made for overall integrity of the cartilage using sections stained for proteo-
glycan content (Alcian blue and Safranin-O) and overall ECM characteristics
(Masson’s Trichrome).
Results: Figure 1 shows representative T1ρ maps from a 3-4 month (2A), 5-6
month (2B), and 9-10 month (2C) old guinea pigs. A one-tailed Student’s
t-test was performed to determine differences in T1ρ values between age
cohorts. In the analysis, data was averaged for all four zones for each
sample. A P value <0.00001 was found between the 3-4 month cohort
and 5-6 month cohort. A P value <0.001 was found between the 3-4
month and 9-10 month cohorts. A non-signiﬁcant P value (0.27) was found
between the 5-6 and 9-10 month old cohorts. Signiﬁcant cartilage damage
and thinning was observed in 9-10 month old animals compared the
younger cohorts. Analysis of the skewness of the T1ρ distribution shows a
P value <0.0005 between the 3-4 month cohort and the 5-6 month cohort
and between the 3-4 month cohort and the 9-10 month cohort. Routine
histology (Safranin O) to detect proteoglycan content was performed on
all guinea pigs and representative histological sections of a 3, 6 and 9
month old stiﬂe is shown in Figure 2. These results are indicative of
Figure 1. Representative mid-coronal images with T1ρ maps and associated T1ρ histogram
– 3 month (A, D), 5 month (B, E) and 9 months (C, F). Color bar in ms. Horizontal: T1ρ
value, vertical: pixel count.
Figure 2. Representative Safranin-O stained femoral condules from 3, 6, 9-month old
Guinea pigs.
